REV3 and REV1 play major roles in recombination-independent repair of DNA interstrand cross-links mediated by monoubiquitinated proliferating cell nuclear antigen (PCNA).
DNA interstrand cross-links (ICLs) are the most cytotoxic lesions to eukaryotic genome and are repaired by both homologous recombination-dependent and -independent mechanisms. To better understand the role of lesion bypass polymerases in ICL repair, we investigated recombination-independent repair of ICLs in REV3 and REV1 deletion mutants constructed in avian DT40 cells and mouse embryonic fibroblast cells. Our results showed that Rev3 plays a major role in recombination-independent ICL repair, which may account for the extreme sensitivity of REV3 mutants to cross-linking agents. This result raised the possibility that the NER gap synthesis, when encountering an adducted base present in the ICL repair intermediate, can lead to recruitment of Rev3, analogous to the recruitment of polymerase eta during replicative synthesis. Indeed, the monoubiquitination-defective Proliferating Cell Nuclear Antigen (PCNA) mutant exhibits impaired recombination-independent ICL repair as well as drastically reduced mutation rate, indicating that the PCNA switch is utilized to enable lesion bypass during DNA repair synthesis. Analyses of a REV1 deletion mutant also revealed a significant reduction in recombination-independent ICL repair, suggesting that Rev1 cooperates with Rev3 in recombination-independent ICL repair. Moreover, deletion of REV3 or REV1 significantly altered the spectrum of mutations resulting from ICL repair, further confirming their involvement in mutagenic repair of ICLs.